WHAT'S KNOWN ON THIS SUBJECT: Children with acute liver failure due to a single-dose acetaminophen exposure have a characteristic liver biochemistry profile of low conjugated bilirubin and high alanine aminotransferase, which is associated with a favorable clinical outcome when treated with N-acetylcysteine.
Acetaminophen (N-acetyl-p-aminophenol [APAP] ) is one of the most widely used antipyretic and analgesic medications in children. It is available without prescription and is a trusted staple in most parents' medicine cabinets. APAP is considered safe when taken at the recommended dose (10-15 mg/kg) and frequency (#5 doses/ day) for a total recommended daily dose of 75 mg/kg per day. 1 However, caregivers may inadvertently overdose APAP if they do not measure the medication correctly, if they give the recommended single dose more frequently than is recommended over 24 hours, or if they are not aware that APAP is included in combination drug preparations to treat cold symptoms. Serious liver injury related to unintentional, multiple overdoses of APAP in adults has been the focus of multiple publications over the past 15 years. 2, 3 The highest recommended APAP dose for adults is 4 g/day; however, exposure to .6-8 g/day for multiple days has been described as potentially toxic, especially in those with chronic ethanol use. 2 Concerns have also been raised that liver injury can occur in children who receive multiple days of APAP that exceed the recommended daily dose, but there is no consensus regarding the dosing exposure that is considered potentially toxic for pediatric patients. 4, 5 After a single overdose, APAP toxicity can lead to the development of acute liver failure (ALF) . N-acetylcysteine (NAC) is an effective treatment of patients with acute APAP-induced ALF. 6, 7 It is not clear if this therapy is also effective in treating patients with ALF who have liver injury initiated or exacerbated by chronic APAP exposure.
There are few reports of accidental overdose due to chronic ingestion of APAP in children leading to severe hepatotoxicity. 5, 8, 9 These and other studies suggest that risk factors for developing severe hepatotoxicity include concomitant use of multiple APAPcontaining products or other medicines that alter hepatic metabolism, delays in getting appropriate medical care, younger age, and a prodromal illness associated with periods of fasting. 4, 5, 8 Although the magnitude of this clinical problem in children is not well defined, 48% of APAP-induced ALF in adults in the United States is due to unintentional overdoses of APAP, often with the chronic use of ethanol or concomitant use of opioids or other potentially hepatotoxic medications, reinforcing the concept that accidental misuse of this medication leading to serious liver injury is a significant problem. 10 The Pediatric Acute Liver Failure (PALF) study group is a multinational collaboration of pediatric tertiary health care centers that has been examining the epidemiology and outcomes of children with ALF since December 1999. In the current study, we report the characteristics and clinical outcomes of a subgroup of 895 consecutive patients enrolled in the PALF registry over a 10-year interval who were retrospectively selected and stratified primarily according to APAP exposure history. We hypothesized that PALF patientswith chronic exposure (CE) to APAP would have clinical features and outcomes more similar to PALF patients with single-dose exposure (SE) to APAP than to patientswith no exposure (NE) to APAP but outcomes that were not as favorable as those in patients with acute toxicity.
METHODS

Study Design
This was an observational cohort study conducted through the PALF Consortia, which enrolls eligible children with ALF. Patient enrollment began in December 1999. During the period of this study, the PALF study group consisted of 22 pediatric sites: 19 centers in the United States, 1 in Canada, and 2 in the United Kingdom. Working groups of pediatric hepatologists established definitions for ALF in children and for various diagnostic categories. Representatives from all participating centers approved final recommendations from the working groups. The study was approved by the institutional review boards from all of the institutions, and the National Institutes of Health provided a Certificate of Confidentiality to the study. Written informed consent was obtained from the parents or guardians of the children in the study. At some sites, deceased children could be enrolled, with data collection via chart review, if consent had not been refused.
After enrollment, demographic, clinical, and diagnostic data are recorded daily for up to 7 days; 21-day outcomes were determined as death without transplantation, transplantation, or alive without transplantation. Patients in this study were enrolled under 2 protocols coinciding with the study periods of 1999 -2005 and 2005 -2010 . The 1999 -2005 protocol requested the investigator to note on the case report form whether an APAP overdose occurred, and if so, whether it was in the setting of a suicide attempt or an accidental ingestion. The total APAP dose ingested was requested for all patients. In addition, if a history of a "single dose" was obtained, the date and time of ingestion were to be recorded; if a history of "chronic use" of APAP was obtained, the investigator was to indicate the number of days of use. In the case of APAP exposures not considered by the investigator to lead to overdose, APAP dosage history (total reported dose per day, duration, date last taken) was recorded under medications taken before admission.
In the revised protocol implemented from 2005 to 2010, investigators were instructed to document if any APAP exposure was elicited from the patient' s ARTICLE history, and if so, was the exposure a "single dose" or "chronic use." If the APAP taken was a single dose, then the total dosage and date and time of the dosing were requested. If the APAP taken was chronic use, then the average daily reported dose was estimated by the site investigator, and the number of days that it was taken over the preceding month was recorded if the history was available.
Diagnostic evaluation and medical management were under the direction of the attending physician and consistent with the standard of care at each site. A final diagnosis for the cause of PALF was assigned by the primary physician at each study site, as summarized previously. 11 
Subjects of the Study
Patients ,18 years of age were eligible for enrollment into the PALF registry if they met the following entry criteria: no known evidence of chronic liver disease, biochemical evidence of acute liver injury, and hepatic-based coagulopathy (not corrected with vitamin K) defined as a prothrombin time $15 seconds or an international normalized ratio $1.5 in the presence of clinical hepatic encephalopathy (HE) or a prothrombin time $20 seconds or an international normalized ratio $2.0 regardless of the presence or absence of HE. A clinical coma grade scale was used for infants and children as previously reported. 11 All patients enrolled in the PALF registry at the time of analysis (ie, 895 patients) were included in this study. Patients were retrospectively classified into 1 of the 3 following patient groups on the basis of APAP exposure history, serum APAP level, and final PALF diagnosis: CE group (history of multiple-dose exposure to APAP over $2 days; n = 83); SE group (history of a single-dose APAP exposure; n = 85); NE group (no history of APAP exposure, no evidence of detectable serum APAP levels, and no final diagnosis of APAP-induced PALF; n = 498). The remaining 229 patients did not meet the criteria for 1 of the 3 groups. These patients had various forms of documented APAP exposure, including exposure anytime in the 2 months preceding enrollment in the study (n = 143), documentation of receiving an APAP dose (n = 22) or of a detectable level of APAP in their serum within the first week of presentation (n = 106) without a quantified exposure documented, or were ascribed a final diagnosis of APAP-induced PALF by the primary physician (n = 11) without a documented history of exposure that would allow them to be categorized into groups CE or SE. These patients were not included in this analysis given the heterogeneity and unclear APAP exposure history of this group.
Statistical Methods
The CE group was the reference group for all pairwise group comparisons. Pearson' s x 2 test was used for categorical data, and the Wilcoxon ranksum test was used for continuous data. Results were considered significant if P # .05. Statistical analyses were performed by using SAS 9.2 (SAS Institute, Cary, NC).
RESULTS
APAP Exposure Characteristics
Of the 666 patients included in this analysis (Table 1) , 83 (12%) met the criteria for inclusion in the CE reference group. There were 85 patients (13%) classified into the SE group and 498 patients (75%) in the NE group. A history of APAP toxicity was identified in all 85 SE patients with 65 of 85 being a suicide attempt. A history of APAP toxicity was not known in 60 of 83 patients with CE, and for those where it was known 20 of 23 cases were characterized as an accidental overdose. The majority (51%) of patients in the CE group had 3 to 7 days of exposure to APAP, 36% had 2 days of exposure, 4% had 8 to 14 days of exposure, and 9% had .15 days of APAP exposure. The median reported dose of APAP in the CE group was significantly less than that of SE patients (31 vs 258 mg/kg per day, respectively; P , .0001), However, among patients with APAP levels recorded, there was not a significant difference between the CE and SE groups in the proportion of patients who had serum APAP levels $10 mg/L (66% in SE patients versus 68% in CE patients, P = .87). Exposure to other APAP-containing medications was common: 65% of patients in the CE group and 35% in the SE group.
Twenty-two percent of CE patients were assigned a final diagnosis of APAP toxicity by their primary physician, compared with 97% in the SE group (P , .0001). The most common final diagnosis was indeterminate in CE (37%) and NE (47%) patients.
Demographic and Baseline Clinical Characteristics
The demographic characteristics of the CE patients did not differ significantly from those of the NE group (Table 2) . SE patients were significantly older than the CE patients (median = 15.2 vs 3.5 years, P , .0001), and a larger percentage were non-Hispanic/Latino (93% vs 75%, P = .001) and female (82% vs 46%, P , .0001).
The distribution of HE grades at study entry for NE patients did not significantly differ from that for CE patients. SE patients had lower HE grades at presentation. SE patients also had significantly lower maximum grades of HE within the first 7 days postenrollment compared with CE patients (P = .003; data not shown).
Comparisons of laboratory results at study enrollment are reported in Table  3 . Of these results, the most striking observation is that, compared with CE patients who had relatively low total bilirubin levels (median = 3.2 mg/dL), NE patients had high total bilirubin levels (median = 13.1 mg/dL, P , .0001). SE patients also exhibited a relatively low total bilirubin level (median = 2.0 mg/dL), which was similar to, but statistically lower than, that of the CE patients (P = .002). Serum alanine aminotransferase (ALT) levels in CE patients (median = 2384 IU/L) were intermediate in value compared with SE (5140 IU/L, P , .0001) and NE (855 IU/L, P , .0001) patients. The remaining initial laboratory values were not significantly different between the CE and NE groups. However, SE patients differed significantly from CE patients in most other measured laboratory variables. Similar differences between groups were observed when comparing maximum laboratory values (data not shown).
Clinical Outcomes
Clinical outcomes are reported in Table 4 . At 21 days after enrollment, 68% of CE patients were alive without liver transplantation, which was significantly worse than SE patients (92% alive without liver transplantation; P = .0004) and better than those with NE (49% alive without liver transplantation; P = .008).
DISCUSSION
This report describes a group of pediatric patients with ALF associated with a history of chronic APAP exposure and a clinical phenotype that may be distinct from other children presenting with ALF. Children with ALF and a history of CE have serum ALT levels that are significantly greater than, and serum total bilirubin levels that are significantly ARTICLE less than, those in patients with NE. This pattern of "high ALT, low total bilirubin levels" observed in PALF patients with CE is similar to the pattern seen in PALF and adult patients with SE. Although there is overlap between the bilirubin and ALT ranges between children with CE and those with NE, this pattern may help distinguish patients who warrant further consideration for APAP-related liver injury (eg, ascertainment of a serum APAP level).
Although CE patients shared biochemical similarities with SE patients, patients with CE had significantly worse 21-day outcomes compared with those with SE. We can only speculate why CE patients were more likely to die or undergo liver transplantation compared with the SE cohort. One factor might include a higher use of NAC at the referral hospital among the SE group, because APAP toxicity might not have been suspected in the CE cohort, and NAC is not approved for use in patients with chronic APAP exposure. Our case report form did not include a specific question to properly address NAC use before enrollment for all patients; therefore, its use before entry into the PALF study cannot be analyzed. Another factor may be that 37% of CE patients had an indeterminate diagnosis. Patients with an indeterminate diagnosis are more likely to undergo liver transplantation than those with other known diagnoses. 11 Alternatively, a significant number of patients in the CE group may have had a multifactorial liver injury, with APAP toxicity being 1 component of the liver injury.
Concern that therapeutic doses of APAP may contribute to ALF in some children has been a topic of considerable interest. 5, 8, 9 Alonso et al 5 reported a series of 7 children with a history of chronic (.2 days) exposure to therapeutic dosing of APAP and PALF of unknown 7.4 (7.3, 7.4) 7.4 (7.4, 7.5) 7.4 (7.4, 7.4 An important limitation of this observational study is the difficulty inherent in obtaining accurate and a complete dosage history from patients and caregivers who are overwhelmed and preoccupied as they struggle to assimilate information regarding their child' s acute illness. Incomplete diagnostic evaluations have also been identified as a problem within this study cohort. 14 Other limitations of the current study are that the data are based on a case registry and complete medical records of study subjects were not available, as well as the fact that only select centers (both in the United States and internationally) were involved in patient accrual, which introduces the possibility of tertiary care selection bias.
CONCLUSIONS
The clinical phenotype of a younger patient with ALF, a low serum bilirubin and a high ALT, should raise the suspicion of CE. PALF patients with CE do not appear to have the same favorable outcomes as the majority of children with SE. Rather, the results of our study suggest that a child with a history of CE is more likely to die or require liver transplantation, similar to PALF patients with other etiologies. APAP protein adduct testing in a large cohort of children with ALF is warranted to further define the importance of CE in this population. In addition, with respect to anticipatory preventive guidance for families and physicians, we recommend the following:
1. Full disclosure of use of all overthe-counter medications, including any and all APAP-containing products, by caretakers for their children at the time of the office visit. This disclosure would be facilitated by clear and prominent labeling of all over-the-counter products that they contain APAP, which should not be coadministered with other APAP-containing products.
2. The need for better communication between physicians and families about the risks and benefits of extended and prolonged use of APAPcontaining products in children.
3. The need for educational initiatives aimed at preventing APAP dosing misadventures in infants, children, and adolescents.
